Scheduling is critical part in most creation frameworks and information processing as sequencing of tasks or jobs framework executed on a grouping of processors. One of the NP-hard problem is "Job Shop Scheduling Problem". In this work, a method of optimization proposed called "Fireworks Algorithm". The solutions divided into fireworks and each one applied sparks to find the best solution. For some selected spark applied Gaussian mutation to find enhanced solution and find optimum solution. FWA tested on dataset to improve performance and it do well with respect to some other algorithm like Meerkat Clan Algorithm (MCA), Camel Herds Algorithm) CHA ( , and Cukoo Search Algorithm (CSA).
Introduction
There several NP-hard problem in artificial intelligent space, one of these problems is "Job-Shop Scheduling Problem" (JSSP) that extended to "Flexible Job-Shop Scheduling Problem" (FJSP) that allows its tasks to execute on multiple machine (many jobs on several machines). A sequence of tasks for each job should execute in a specific order [10, 16] . There are different works related to this problem to find the optimum solution, classical method perform well in low number of machines and be complicated when number of machines increased. In recently years, there are some of metaheuristic approaches presenting to solve FJSP. These algorithms are as follow: Genetic Algorithms (GA) [8] , Tabu Search [4] , Particle Swarm Optimization (PSO) [6] , Cuckoo Search Algorithm (CSA) [13] , Camel Herds Algorithm (CHA) [3] , Meerkat Clan Algorithm (MCA) [2] , and other approaches including Fuzzy Logic [9] all these ideas gained a lot of attention to use artificial intelligent algorithm to solve one of NP-hard problem.
Metaheuristic algorithms produced solutions in suitable time in general, when there is no classical algorithms [15] . To solve FJSP some constraints should aware such as in a job no task start until previous task completed, each task run on one machine at a time without preemption [11] .
The problem of FJSP is that task run in variable time in on different machine and increase complexity [12] .
Assignment and scheduling task and jobs are two sub-problem in FJSP and there are several objectives such as minimization make-span time, and minimization total idle time [1, 17] . These objectives most widely studied and there many dataset used for this problem such as Hurink-Data deal with this problem and widely used [7] .
Fireworks Algorithm
Explosion of fireworks in night simulate in algorithm called FWA that produced sparks around each elimination [14] as shown in figure 1. It considered as Swarm intelligence algorithm, local search presented by each firework that spark around some positions in range called amplitude. The new populations cooperated to find global search. FWA contains some characteristics that verify it from other algorithms such as simplicity, locality, distribute parallelism, diversity and extendibility [15] . The basic idea of FWA works as follow: first is initializing randomly N fireworks with their fitness value (quality), each one evaluated to find the number of sparks and the range of explosion (explosion amplitude). The new generation obtained by explosion the previous fireworks and each one considered as local search. The amplitude balance the global and local space and ensure diversity by generate large population in small range and small population with large range when low fitness value this technique give chance to escape from local minima. The mutation in FWA called Gaussian mutation or "Gaussian Spark" and the selection strategy may use subset of whole population in each iteration to balance the global search.
Explosion Operator
For each firework in fireworks need, explosion operator that selects a number of sparks in explosion operator is found using equation 1 as follow: Step 5: Calculate Si (the number of sparks)
Step 6:
Calculate Ai (the Amplitude of sparks) Step 7:
End for Step 8: Ms=NoOfSparkofGaussianMutation
Step 9: for k =1→ Ms do
Step 10: select x i randomly
Step 11: Generate Si (spark for each one)
Step 12: next
Step 13: select Best Si (best sparks using selection strategy)
Where is number of spark in each firework, m is number selected as total number of individual in firework, N is total number of spark, is the worst fitness value in population. ( ) Is the fitness value of xi, and ε is small value for avoiding division by zero. The amplitude of explosion is found using equation 2 as follow:
Where range (amplitude) of each one is, ̂ is a fixed value specified (may be sum of all amplitude), and ε is used to same reason before.
These parameters used find distance on each firework using equation 3 as follow:
( )
Where ( ) is random number in uniform order in the amplitude Ai interval.
The total steps for generation spark shown in algorithm 1.
Mutation Operator
The selected individual or the current individual are used to applied mutation operation on it as , where i represent from interval (1 to N ) and k represent dimension of current state. The sparks of Gaussian explosion are calculated using equation 4 as follow:
Where RndGauss is random number in Gaussian distribution. Gaussian mutation in FWA explain in algorithm 2.
Mapping Rule
The mapping rule is a process that keeps all individuals in population in the accepted range. Any individual result from FWA operation return inside range space if it lies out boundaries by applying modular arithmetic operation. The mapping rule utilizes a modular operation and is stated as follows:
( )
Where denotes sparks positions that lie out of bounds, while and are the maximum and minimum boundaries of a spark position. "ArthMod" represents modular arithmetic.
Selection Method
The selection method may need to find the distance between individuals, Euclidean distance
Algorithm 1: Generate Spark
Step 1: Generate Initial Population
Step 2: Calculate F(x) that represent Fitness Value for each one (firework)
Step 3: Calculate Si that represent the number of sparks
Step 4: Calculate Ai that represent the amplitude of sparks ( ) ∑ ( ) ∑
Where d represent distance (Euclidean distance for example) between any two individuals and . This distance may be combined sparks results by explosion operator or mutation operator.
Roulette Wheel one of methods may be used in FWA to select new generation, depend on ( ), that calculate in equation 7 as follow:
High distances have more chances to be in new generation and increased the diversity of the population.
Proposed method
The proposed method used FWA algorithm for solve FJSSP using sequence of steps. The represent by selecting tasks through assigning a resource for each one, to set up its start time, and so on until scheduling all the tasks. FWA used random operation to distribute jobs on the machine as population as initial then divide them into groups. Find number of sparks in each one. Apply explosion on each spark to find all sparks. Apply mutation on the random spark selected from total spark and replace if the result butter. The job distributed on machine denoted by jobop on selected machine (1-1, 1-2, 1-3, 2-1, 2-2, 2-3, 3-1, 3-2, 3-3) these jobs and its operation distribute on machine randomly to initialize populations (initial populations) for each population find make-span time (expected finish time) that used as fitness function of algorithm. The goal of this algorithm is to find butter distribution of jobs and operation on available machine (resources) to execute in minimum time as possible. For applying fireworks algorithm need to select number of fireworks as specifying set of groups for example {100, 200, 400, 250 50…etc.}.
Figure 2: main steps of firework algorithm

Algorithm 2: Gaussian Mutation
Step 
Jamal .N/ Rehab .H
Each group will consider as firework and apply some operation as local search to find the best make-span time. Select elements of each group using one of selection strategy, find minimum and maximum fitness, and apply equation 1 to find number of spark and equation 2 to find amplitude range. For each spark, Gaussian mutation is applied to check the fitness value of the result. The mutation in FJSP used a couple of sparks then select a random value of sequence in each one and swap them and again find fitness value of each one if is butter is taken otherwise keep as them before. Figure 4 . Explain mutation operation.
Figure 4: FJSP execution
Experimental Results
To improve the results of implementation algorithm an instances called Hurink et al Dataset, [14, 15] that have three different instance sets "edata", "rdata", and "vdata" used in experiments. The method applied with multiple runs and compare with other method to find the performance of algorithm. The lower bounds of selected dataset explain in table 1 that be the goal of scheduling method for evaluation. In proposed work there, some previous work used same these datasets. Many tests applied on FWA that used to solve FJSP for evaluating the result by changing some algorithms parameters; the population size taken are 100, 200, 500, and 1000, the maximum iteration is 1000. Figure 5 shows the difference in performance between the proposed algorithm (FWA) and some other algorithm such as Meerkat Clan Algorithm (MCA), Camel Herds Algorithm (CA), and Cukoo Search Algorithm (CS). FWA methods are in some dataset better than other one and achieve in less number of iteration.
Figure 5: Mean Relative Error (MRE) of proposed method with related work
Conclusion
In proposed FWA as optimization method for FJSP for assigning all possible resources and project management to show the abilities of FWA in optimization. It used for different combinations of tasks length and assignation variability. FWA implemented depending on the behavior fireworks explosion and the amplitude of each spark. The performance of the algorithm measured based on a make-span function as fitness function. FWA present a better diversity solution through solving problem and high parallelism ability. The other characteristics are simplicity in mutation operator and in selection operator. FWA perform well and reduced make-span value when compare the results with some other work on the same dataset. To enhance convergence rate and the accuracy of FWA optimization problem may use different type of mutation method and may use dynamic evaluation on the parameters used in FWA iteration. 
